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(54) Modulated plasma glow discharge treatments for making super tiydrophobic substrates 

(57) The present invention deals with a method of 
treating polymeric or non polymeric articles for making 
their sur^ce super hydrophobic, i.e. characterized by 
static water contact angle (WGA) values higher than 
about 120**, preferably higher than 130*. more prefera- 
bly higher than 150°. The method consists of a modu- 
lated glow discharge plasma treatment (1) performed 
with a f}uorocartx>n gas or vapor compound fed in a 
properly configured reactor vessel where the substrates 
are positioned. The plasma process deposits a continu- 
ous, f luorocarbon thin film with super hydrophobic sur- 
face characteristics, tightiy bound to the sut)strate. 

The substrates of interest for the present Invention 
may include a wide range of materials in form of webs, 
tapes, films, powders, granules, woven and non-woven 
layers: substrates can be porous or non^sorous. molded 
or shaped, rigid or flexible, made of polymers, textiles, 
papers, cellulose derivatives, biodegradable materials, 
metals, ceramics, semiconductors, and other inorganic 
or organic materials. Preferably, the substrate is formed 
into a desired shape or configuration, depending on its 
intended use, before being subjected to the treatment 
object of this invention. 

When organic synthetic resins are chosen, such 
substrate materials could be fabricated from polyethyl- 
ene, polyacrylics. polypropylene, polyvinyl cNoride 
polyamides, polystyrene. poly ur ethanes, polyfluorocar- 
bons. polyesters, silicon rubber, hydrocarbon rubbers, 
polycarbonates and other synthetic polymers. A partic- 
ularly preferred polymeric substrate is polyethylene or 
polypropylene. 
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Held of the invention 

5 10001 ] The present invention relates to a method for rendering substrates super hydrophobic. 
Background of the Invention 

[0002] Plasma-deposfted fluorocarbon coatings are often cited in the literature as teflon-like coatings" because their 
10 CFx (0 < X < 2) composition and surface energy can be made very close to that of polytetraf luoroethylene (PTFE.-{CF2- 
CF2-)n). known on the market as Teflon®. 

[0003] Plasma coating processes of metals, polymers, and other substrates, with fluorocarbon films are known in the 
art. As an example, it is known from USP 4 869 922 and from other sources, that deposition from continuous (i e. non 
modulated) radiofrequency (RF) glow discharges fed with f luorocarbons provides films, layers, tapes, plates, and differ- 

15 ently shaped articles made of plastics, metals or other materials, with a thin fluorocarbon coating, with no other material 
interposed between the coating itself and the substrate. Such coatings are claimed to have very good adherence to the 
items processed, to be void-free, to be not porous, and to show controlled wettability characteristics, which depend on 
their surface chemical composition. The non modulated, continuous plasma process of the above mentioned patent 
leads to coatings characterized by static water contact angle (WCA) values lower than 120°. 

20 [0004] Glow discharges treatments are also considered in US-A-5 462 781 for Improving the bondability of an implant- 
able polymer medical device or for changing the wettability of a polymer fabric. Several of the references discussed in 
this patent confirm non modulated, continuous plasma treatments as a means for varying the Inherent WCA of a sur- 
face. 

[0005] US-A-5 034 265 discloses a non modulated, continuous plasma treatment for improving the biocompatibility 
25 of vascular grafts with a CFx fluorocarbon coating deposited at the inside wall of the grafts in a proper plasma reactor 
fed with tetraf luoroethylene (C2F4, TFE) at 0.2 Torr. In the preferred embodiment of the invention no other materials are 
interposed between the substrate and the coating. 

Summary of the invention 

30 

[0006] Specifically, the present invention, having the features mentioned in the annexed claims, relates to a modulated 
plasma deposition process for coating substrates with a thin, well adherent, nonporous, fluorocarbon coating with super 
hydrophobic properties, i.e. characterized by static water contact angle (WCA) values, measured on plane surface, 
higher than about 120°, preferably higher than 130°. more preferably higher than 150°. Substrates treated with this 
35 method have their hydrophobicity markedly improved, e.g. can be made effectively waterproof while maintaining their 
previous characteristics such as permeability to gases and vapors. 

[0007] The present invention deals with a method of treating polymeric or non polymeric articles for making their sur- 
face super hydrophobic, i.e. characterized by static water contact angle (WCA) values higher than about 120°. prefera- 
bly higher than 130°, more preferably higher than 150°. The method consists of a modulated glow discharge plasma 
40 treatment performed with a fluorocarbon gas or vapor compound fed in a properly configured reactor vessel where the 
substrates are positioned. The plasma process deposits a continuous, fluorocariaon thin film with super hydrophobic 
surface characteristics, tightly bound to the substrate. 

[0008] The substrates of interest for the present invention may include a wide range of materials in form of wet)S. 
tapes, powders, granules, particles, woven and non-woven layers; substrates can be porous or non-porous, molded or 

45 shaped, rigid or flexible, made of polymers, textiles, papers, cellulose derivatives, biodegradable materials, metals, 
ceramics, semiconductors, and other inorganic or organic materials. Preferably, the substrate is formed into a desired 
shape or configuration, depending on its intended use, before being subjected to the treatment object of this invention. 
[0009] When organic synthetic resins are chosen, such substrate materials could be fabricated from polyethylene, 
polyacrylics, polypropylene, polyvinyl chloride, polyamides, polystyrene, polyurethanes, polyfluorocartx)ns. polyesters, 

50 silicone rubber, hydrocarbon rubbers, polycart>onates and other synthetic polymers. 

[001 0] "Plasma." as used herein, is used in the sense of "low-temperature plasma" or "cold plasma" produced by ignit- 
ing a glow discharge in a low pressure gas through a power supply Glow discharges contain a variety of species chem- 
ically active and energetic enough to cause chemical reactions with surfaces exposed, i.e. covalent bonding to a 
suitable substrate material. Cold plasmas, or glow discharges, are generally produced with high frequency (from KHz 

55 to MHz and GHz) power supply (HF plasmas). Electrons, positive and negative ions, atoms, excited molecules, free rad- 
icals, and photons of various energies are formed in a cold plasma. 

[001 1 ] "Modulated plasma" means a non continues plasma, HF plasma, i.e. a glow discharge whose driving power is 
pulsed between a maximum value and zero (ON/OFF pulse) or a fraction of it, at a certain frequency, with a proper 
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pulse generator connected to the main power supply. In the case of ON/OFF pulsed systems, the time ON and time 
OFF values are among the experimental parameters of the process. Superimposing a triggering ON/OFF pulse to the 
main high frequency field which generally drives a glow discharge, alternates short continuous discharges with plasma 
OFF time intervals where active species still exists in the gas phase, but the effects of ions and electrons are strongly 
5 reduced. This alternating exposure to two different processes leads to unique surface modifications of substrates, 
which are very different from those of continuous plasma process, as it will be shown. 

[001 2] "Plasma deposition" or "plasma polymerization" is the plasma process that leads to the formation of thin (0.01 
- 2 Jim), partly crossllnked, void-free, continuous coatings well adherent to substrates. The molecules of the gas phase 
are fragmented by energetic electrons, which are able to break chemical bonds; this process leads to radicals and other 
10 chemical ^ecies which are able to deposit at surfaces Inside the vacuum chamber and form a thin, uniform film. The 
action of the plasma may also affect the surface of a polymer substrate in the early deposition time; energetic species 
may break bonds in the substrate with possible evolution of gas products, such as hydrogen, and formation of free rad- 
ical sites which contribute to form covalent bonds between the growing film and the substrate. 

[0013] It has been foufKl that it is possik^e to deposit thin fluorocarbon films with super hydrophobic characteristics. 
75 i.e. showing a surprisingly high WCA value, even up to about ^S5'^. The present invention thus provides a modulated 
plasma process for coating substrates of the type mentioned above, with fIuorocartx>n films characterized by a WCA 
value higher than 120**, preferably higher than 130**, more preferably higher than 150**. by using a nrxxiulated plasma 
process, as It will be described. 

[0014] According to the present invention, fluorocarbon coatings with F/C ratio from about 1.50 to about 2.00 have 
20 been deposited, characterized by WCA values higher than at>out 120**. such as between about 155° and about 165°. 
The coatings have been deposited at the surface of different polymer and non polymer substrates such as polyethylene 
(PE). polypropylene (PP) polyethyleneterephtalate (PET), and paper in form of films and fabrics, glass and silicon, 
among many. It should be noted that the F/C ratio could be theoretically up to 3, if the coating woiikl be formed only by 
a mono-molecular layer of CF3 groups. But the formation of intermolecular cross-links lowers the above theoretrcal 
25 value so that the obtained coatings, notwithstanding the fact that they contain many CF3 groups, have a global F/C ratio 
in the range of about 1 .50 to about 2.00. 

[0015] The thickness of the coatings depends on the duration of the plasma process at different conditions, and can 
be kept between 0.01 and 2 jim. It has been found that the nature of the substrate materials does not Influence neither 
the chemical composition nor the thickness of tiie coatings. Coatings with WCA values up to about 165"* (e.g. 165"* ± 
30 5°) were obtained. 

[001 6] Substrate to be treated are subjected to modulated plasma gas discharge in the presence of at least one f luor- 
ocart>on gas or vapor. Specifically, fluorocarbon gases or vapors such as tetraf luoroethylene (TFE.C2F4). hexafluoro- 
propene (HFP.C3F6). perfluoro-(2-trifluoromethyl-)pentene. perfluoro-(2-methylpent-2-ene) or Hs thmer may be used. 
TFE being the presently preferred choice. The plasma deposition process is preferably performed by positioning the 

35 substrate in a properly arranged plasma reactor, connecting the reactor to a source of a fluorocarbon gas or vapor, reg- 
ulating flow arxj pressure of the gas Inside the reactor, and sustaining a glow discharge in the reactor with a high fre- 
quency electric field in a pulsed (modulated) mode by means of a suitable pulsed power supply. The parameters which 
define tiie glow discharge treatment Includes the feed gas or vapor. Its flow rate, its pressure, the position of the sut>- 
sti-ate inside the reactor, the design of the reactor, the exciting frequency of the power supply, the input power, the time 

40 ON and the time OFF of the pulsing system. Substrates, as those listed in the abstract, may be positioned in the "glow" 
region of the discharge, i.e. directly exposed to tiie plasma, or in the "afterglow" region, i.e. downstream respect to the 
visible glow. The two positions generally result in coatings with different composition and properties; treating the sub- 
strates with modulated glow discharge results also In different coatings respect to continuous treatments. 

45 Brief description of the drawinos 

[001 7] In the following detailed description the invention will be described, purely by way of example, with reference 
to the enclosed figures of drawing, wherein: 

50 ' Figure 1 compares a conventional "continuous" RF glow discharge with an ON/OFF "modulated" RF glow dis- 
charge; 

Figure 2 portrays a typical scheme of a plasma reactor adapted for use within the context of tiie invention; 
Figure 3 shows a Cis ESCA signal of an uncoated polyethylene substrate wherein the signal is due only to C-H, 
C-C bonds of the substrate; 

55 - Figure 4 shows a Cls ESCA signal of a PE substrate coated with a fluorocartx>n coating deposited as described 
in example 1 (glow position, continuous mode), with WCA of 100 ± 5''; the signal is composed by components due 
to CF3. CF2, CF and CCF bonds of the f luorocariDon coating, and to C-H. C-C bonds due to surface contamination; 
Figure 5 shows a Cls ESCA signal of a PE substrate coated with a fluorocartx)n coating deposited as described 
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in example 1 (atterglow position, continuous mode), with WCA of 120 + 5". the signal is composed by components 
due to CF3. CF2, CF and CCF bonds of the f luorocait>on coating, and to C-H, C-C bonds due to surface contami- 
nation; and 

- Figure 6 shows a CI s ESCA signal of a PE substrate coated wfth a f luorocarbon coating deposited as described 
in example 1 (glow position, modulated mode), with WCA of 165 ± 5°; the signal is composed by components due 
to CF3. CF2. CF and OOF bonds of the f luorocarbon coating, and to C-H. C-C bonds due to surface contamination. 

Detailed des crir>tiQn of the invention 

[00181 Figure 1 compares a conventional "continuous" plasma (figure la) with the modulated process of the invention, 
(figure lb) showing pulsed alternating plasma ON with plasma OFF (i.e. no plasma) times. The two processes are 
schematized by referring to their driving signals. . ^ . . ^ -4: 

1001 9] The reactor 1 schematically shown in figure 2 was utilized not exclusively for developing the deposition method 
object of the present invention. The reactor vacuum chamber 1 is made of Pyrex glass, is provided with an external RF 
powered electrode 2 and an internal grounded electrode 3. The external electrode is connected to a power supply 4 
(wpically a radiofrequency geneiator operating at e.g. 13.56 MHz) through a matching network and an ON/OFF pulse 
generator 5 The substrates can be treated in the "glow" region of the reactor, onto the grounded electrode 3, as well 
as in its "afterglow" posrtion i.e. at an afterglow substrate holder 6. The gas/vapor is fed through a proper mass flowm- 
eter through a gasA^apor feeding manifold 7. and its pressure, measured at the pump out exit 8 of the reactor, kept at a 
certain constant value wrth a manual valve on the vacuum connection between the reactor and its pumping unit Even 
though the arrangement shown in the drawing represents a presently prefen-ed choice, those skilled in the art will imme- 
diately recognize that pulsed energization of the plasma reactor can be achieved by different means such as direct 
energization by means of pulsed RF generators commonly used in radar and telecommunication techniques. 
[0020] Preferably the deposition process is performed with an RF (13.56 I^Hz) generator. The RF power delivered to 
the external electrode of the reactor is kept in the 1 -500 Watts range for a power density of 0.02-1 0 Watt/cm . The reac- 
tor is fed with a fluorocarbon compound at a 1 -100 seem flow rate and is kept at a constant pressure of 50-1 000 mTorr 
during the process. Preferably, the glow discharges are modulated through the pulse generator, preferably at 1-500 ms 
time ON and 1 -1000 ms time OFF values, with respective values of about 10 ms and about 190 ms being the most pre- 
ferred choice at present. The deposition process may range from a few seconds to many hours; during this time a uni- 
form fluorocarbon coating is deposited on the substrates positioned in the glow as well as on those in the afterglow 
region The deposition rate, a typteal one being in the 20 - 400 A/min range, was measured by weighing (weightftime) 
the substrates before and after the discharge, or by measuring the thickness of the coatings (thicknessftime) with an 
Alpha Step profilometer. The deposition rate and the chemical composition of the coating depend on the ocpenmental 
conditions (pressure, power, substrate position time ON. time OFF. gas feed and flow rate) of the discharge. 
[0021] The coatings obtained are uniform over the entire surface of the substrate; when deposited on flat, smooth 
substrates their hydrophobic character has been estimated through their static WCA value, as measured with a WCA 
goniometer WCA values in the range about 120" to about 165». con-esponding to a critical surface tension lower than 
that of PTFE (18 dynes/cm) have been measured for fluorocarbon CFx coatings, when x ranges between about 1.50 
and about 2 00 The chemical composition of coatings is preferably determined by Electron Spectroscopy for Chemical 
Analysis (ESCA) wrtthin the sanpling depth of the technique (about 100 A). TTie adherence of the coating to the sub- 
strstG is vGry Qood 

[0022] The following examples are given lor the purpose of still better illustrating the inventive concept of the present 
invention, and for higNighting the advantages of using modulated over continuous treatments. 

FXAMPLE 1 

[0023] Three sets of substrates of silicon. PE and PP. of areas in the range of 2-10 cm^ per substrate, were positioned 
onto the grounded electrode 3 of the reactor schematized in Figure 2. A similar set of substrates was positioned in the 
afterglow position at 6. C2F4 was set to feed continuously the reactor at 6 seem, and the pressure set at 300 mTorr. The 
RF generator was connected to the reactor and allowed to sustain the discharge with 50 Watt of input power for 90 nun. 

then switched off. . . ^ , „ 

[0024] Another glow discharge was subsequently run with a similar set of substrates poatoned in the glow position 
and no substrates in the afterglow position, under the same conditions described above except for the fact that modu- 
lation was effected at 1 0 ms time ON and 1 90 ms time OFF through the pulse generator. 

[0025] At the end of the two discharges the substrates were extracted from the reactor and their WCA measured. The 
WCA values shown in Table 1 were found, wrhich are compared to the WCA values of the unprocessed substrates. A 
deposition rate of 30 ± 5 A/min was measured for the coatings deposited in the modulated mode. 
10026] Other substrates, treated in the two modes, where analysed with the ESCA technique. Their surface compo- 
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sition resulted to be entirely composed by carbon and fluoride, according to the results shown in Tables 2a-c. No other 
elements were detected (e.g. Si for silicon substrates), which means that the coatings are continuous. The C1s spec- 
trum of the uncoated PE substrate is shown in Figure 3. while the Cls spectra of PE samples coated as described 
above are shown in Figures 4, 5 and 6. respectively. 



Table 1 



SUBSTRATE 


Si 


PE 


PP 


WCA unprocessed 


15** ±3** 


95** ± 3** 




WCA continuous discharge (glow position) 


100*' ± 


100** + 


100°± 


WCA continuous discharge (afterglow position) 


120^± 


120°± 
5° 


120°± 
5° 


WCA modulated discharge (glow position) 


165° ± 


165** + 
5** 


165° ± 
5° 



Table 2a 



ESCA results for the continuous discharge (glow posi- 
tion) of Example 1 


COATED SUBSTRATE 


Si 


PE 


PP 


carbon atomic % 


43.3 


42.4 


42.9 


fluorine atomic % 


56.7 


57.6 


57.1 


F/C ratio 


1.31 


1,36 


1.33 



35 

Table 2b 



ESCA results for the continuous discharge (afterglow 
position) of Example 1 


COATED SUBSTRATE 


Si 


PE 


PP 


carbon atomic % 


34.4 


33.8 


34.1 


fluorine atomic % 


65.6 


66.2 


65.9 


F/C ratio 


1.91 


1.96 


1.93 



SO 

Table 2c 



ESCA results for the modulated discharge (glow posi- 
tion) of Example 1 


COATED SUBSTRATE 


Si 


PE 


PP 


carbon atomic % 


36.4 


36.2 


36.7 


fluorine atomic % 


63.6 


63.8 


63.3 
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Table 2c (continued) 



ESCA results for the modulated discharge (glow posi- 


tion) of Example 1 








COATED SUBSTRATE 


Si 


PE 


PP 


F/C ratio 


1.75 


1.76 


1.72 



10 



IS 



so 



25 



EXAMPLE 2 

T00271 Three sets of substrates of glass, silicon and PE. of areas in the range of 2-10 cm^ per substrate, were posi- 
Sonto ^e grouped electrode 3 of the reactor schematized In Rgure 2. A similar set of -bstrat^ |««^oned 
n «,e afteralow Dosition CaFe was set to feed continuously the reactor at 5 seem, and the pressure set at 300 mTorr 

?;,rRF genSTtSl^a^e^ed to the reactor and allowed to sustain the discharge with 50 Watt of input power for 60 

Z^r^^hfgtov^ discharge was subsequently run with a similar set of substrates positioned in the glow position 
SS^ni s.^?ates in the aftergL. under the same conditions described above except for the fact that modulafon was 
effected at 10 ms time ON and 90 ms time OFF through the pulse generator. 

S^sf ?t he?nd of the two discharges the substrates were extracted from *he reactor and their WCAmeasur^ Jhe 
SvOA values shown in Table 3 were found, which are compared to the WCA valu^ of the ""processed si*strates. A 
deposition rate of 70 ± 5 A/min was measured for the coatings deposHed in the modulated mode 
iS Other substrates, treated in the two modes, where analysed with the ESCA technique: tt^^e.r surface comp«^ 
S?riulted to be entirely composed by carbon and fluoride, according to the resutts shown .n Tables 4a-c. Ateo tortin = 
cSe.1ince no other elements were detected (e.g. Si for silicon and glass substrates), the coatings were assumed to 
be continuous. 



Tables 



30 



35 



SUBSTRATE 


glass 


Si 


PE 


WCA unprocessed 


35** ± 3** 


15° ±3° 


95° ± 3° 


WCA continuous discharge (glow position) 


105° ± 

5° 


105° ± 
5° 


105° ± 
5° 


WCA continuous discharge (afterglow position) 


120° ± 
5° 


120° ± 
5° 


120° + 
5° 


WCA modulated discharge (glow position) 


120° ± 


120° + 
5° 


120" ± 
5** 



40 



Table 4 a 



ESCA results for the continuous discharge (glow posi- 
tion) of Example 2 


COATED SUBSTRATE 


glass 


Si 


PE 


carbon atomic % 


42.7 


42.1 


41.5 


fluorine atomic % 


57.3 


57.9 


58,5 


F/C ratio 


1.34 


1.37 


1.41 



55 
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Table 4 b 



ESCA results for the continuous discharge (afterglow 
position) of Example 2 


COATED SUBSTRATE 


glass 


Si 


PE 


carbon atomic % 


37.1 


38.3 


38.1 


fluorine atomic % 


62.9 


61.7 


61.9 


F/C ratio 


1.69 


1.61 


1.62 



75 



Table 4 c 



ESCA results for the modulated discharge (glow posi- 
tion) of Example 2 


COATED SUBSTRATE 


glass 


Si 


PE 


cartx)n atomic % 


38.1 


39.9 


39.2 


fluorine atomic % 


61.9 


60.1 


60.8 


F/C ratio 


1.62 


1.51 


1.55 



EXAMPLE 3 

30 [0031 ] Three set of substrates of polished silicon, polyethyleneterephtalate (PET), and 3 mm thick FAM (Functional 
Absorbent Material), an hydrophilic absorbent material made according to the teachings of USP 5 260 345, of areas in 
the range of 2-10 cm^ per substrate, were positioned onto the grounded electrode 3 of the reactor schematized in Fig- 
ure 1. C2F4 was set to feed continuously the reactor at 5 seem, and the pressure set at 400 mTorr. The RF generator 
was connected to the reactor and allowed to sustain the discharge for 20 min in the modulated mode (10 ms time ON; 

35 1 90 ms time OFF) with 75 Watt of input power. At the end of the discharge the substrates were extracted from the reac- 
tor, and their WCA measured. The values shown in Table 5 were found, which are compared to the WCA values of the 
unprocessed substrates. A deposition rate of 300 ±10 A/min was measured. 

[0032] Other substrates where ESCA analysed; their surface composition resulted to be entirety composed by carbon 
and fluoride, according to the results shown in Table 6. No other elements have been detected <e.g. Si for silicon sub- 
40 strates. and O for PET sutDStrates). thus the coatings can be assumed to be continuous. 

[0033] The coated FAM substrate was cut along its thickness, arxi the freshly cut surface, which was not directiy 
exposed to the discharge, analysed by WCA and ESCA measurements. The data shown in Table 7 demonstrate that 
the thick FAM sample was treated not only on the surtece exposed to the glow, but also inskle its bulk, which demon- 
strates tiiat the plasma treatment is able to penetrate through porous substrates. 

45 



Table 5 



SUBSTRATE 


PET 


Si 


FAM 


WCA unprocessed 


75»±3*» 


15* ±3'' 


WCA unmeasurable. the drop is adsorbed by 
the material 


WCA modulated discharge (glow position) 


155** ± 
5** 


ISS"'! 
5** 


155*'±10*' 



55 
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Tables 



ESCA results for the modulated discharge (glow posi- 
tion) of Example 3 


COATED SUBSTRATE 


PET 


Si 


FAM 


carbon atomic % 


34.8 


35.6 


34.0 


fluorine atomic % 


65.2 


64.4 


66.0 


F/C ratio 


1.87 


1.81 


1.94 



Table 7 



ESCA results for the treated FAM sample of Example 3 cut just after the treatment 


SUBSTRATE 


bulk FAM. cut after the treatment 


WCA(modulated discharge) 


the drop of water is not absorbed 

the material is evidently much more hydrophobic respect to the untreated one 
WCA is unmesurable due to surface roughness 


carbon atomic % 


38.5 


fluorine atomic % 


61.5 


F/C ratio 


1.60 



Claims 

1 A method for making hydrophobic substrates including the step of exposing said substrate to a plasma Q'awCJs- 
■ charge in the presence of a f luorocarbon gas or vapor, characterized in that said plasnna is generated as a modu- 
lated glow discharge. 

2. The method of claim 1 characterized in that said plasma glow discharge Is generated as a radio frequency modu- 
lated plasma glow discharge. 

3. The method of daim 1 characterized in that said plasma glow, discharge is generated in a modulated mode includ- 
ing subsequent time-on and time-off intervals. 

4. The method of any of the preceding claims characterized in that said substrate is exposed to said discharge inside 
the plasma glow region (3). 

5. The method of any of claims 1 to 3 characterized in that said substrate is exposed to said discharge at its afterglow 
region (6). 

6. The method of claim 2 characterized in that said glow discharge is generated by using radio frequency power 
between about 1 and about 500 Watts. 

7 The method of any of the preceding claims characterized in that said gas is selected in the group consisting of 
SrafSiXene hexafluoropropene. periluort>.(2-tritluoromelhyl-)pentene. pe,fluor<^(2-methylpent-2-ene) and 
its trimer preferably tetrafluoroethyiene. 

8. The method of any of the preceding claims characterized in that said f luorocartx)n gas is maintained at a pressure 
of between about 50 mTorr and about 1000 mTorr. 
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9. The method of any of the preceding claims characterized in that said substrate is selected in the group consisting 
of polyethylene, polyacrylics, polypropylene, polyvinyl chloride, polyamides, polystyrene, polyurethanes. polyfluor- 
ocatbons, polyesters, silicon rubber, hydrocarbon rubbers, polycarbonates, cellulose arid itsderivatives. preferably 
a film of polyethylene and/or polypropylene. 

1 0. The method of any of claims 1 to 8 characterized in that said substrate is made of a metal or glass or semiconductor 
material of combinations there of. 

1 1 . The method of any of claims 1 to 8 characterized in that said substrate is made of granules or particles of polymers. 

12. The method of any claims 1 to 8 characterized in that said substrate is made of a porous material, preferable an 
apertured film or a fibrous woven or non woven material. 

13. The method of any of the preceding claims characterized in that it includes the step of forming said substrate to a 
75 desired shape and subsequently exposing the shaped substrate to said glow discharge. 
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continuous RF glow discharge 




modulated RF glow discharge 

I 1 1 

ON OFF 



Figure 1 
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Figure 2 
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Binding Energy, eV 



Figure 3 
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Figure 4 
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